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Description 

[ZIRCONIA SOL AND METHOD FOR 
PREPARING THE SAME] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no.92106899, filed on March 27, 2003. 
Background of Invention 

[0002] Field of the Invention 

[0003] jhis invention relates in general to a metal oxidenanopar- 
ticlesol and a method for preparing the same. More par- 
ticularly, the invention relates to a zirconia nanocrystal sol 
and a method for preparing the same. 

[0004] Description of the Related Art 

[0005] The incorporation of zirconia nanoparticles into organic 
matrix materials (e.g., polymers) can increase the refrac- 
tive index of optically transparent materials. The degree 
to which the refractive index of the organic matrix may be 
increased is a function of the loading limit of the 



nanoparticles in the organic matrix and the refractive in- 
dex of the zirconia nanoparticles. 
[0006] The nature of the zirconia (e.g., crystallinity, crystal struc- 
ture, particle size and degree of primary particle associa- 
tion) governs the optical transmission, refractive index 
and the loading limit of the nanoparticles in an organic 
polymer. For a material to remain optical transparent after 
the incorporation of nanoparticles, the size of the 
nanoparticles has to be smaller than 1/4 of the wave- 
length of the incident light, so that light is not scattered. 
Therefore the requirement of transparency posts an upper 
limit to the size of the primary and the associated parti- 
cles. To increase the refractive index of the matrix, the re- 
fractive index of the incorporatednanoparticles must be 
higher than the matrix. In this respect, crystalline zirconia 
has a higher reflective index than non-crystalline zirconia, 
and is thus preferred. The refractive index of the matrix 
can be increased substantially if the loading of zirconia is 
high. However, the loading limit of a zirconia in a polymer 
is a function of both particle association and particle size. 
As particle size increases and/or the association between 
particles increases, the loading limit of the zirconia in a 
polymer decreases. Therefore, a method for preparing a 



sol containing nano-crystalline zirconia without associa- 
tion or having only weak association is important and 
necessary. 

[0007] a stable sol containing non- or weakly-associated zirco- 
nia nanocrystals is in general transparent to visible light. 
However, the pH range where the sol remain stable should 
be as close to neutral condition as possible, preferably in 
the range of pH 6~9, for easier application in various 
fields. 

[0008] | n a p r i 0r ar t, US patent No. 4,784,794, a method of 

preparing a translucent zirconia sol by treating zirconium 
chloride at 130°C or higher is disclosed, but the pH value 
of the prepared product is lower than 7. Additionally, the 
US 6,376,590 discloses a method of preparing a zirconia 
sol having high dispersing zirconia crystals by using a zir- 
conium salt solution containing polyether or an organic 
acid having ether group therein as the starting material. 
However, the method requires high (140~250°C) tempera- 
ture and the pH value of the prepared product is lower 
than 7. Since the process temperature described in the 
above methodswould require the employment of a high- 
pressure autoclave, a low temperature process for the 
preparation of zirconia sol is needed. 



Summary of Invention 

[0009] Accordingly, an objective of the present invention is to 

provide a zirconia sol and a method of preparing the same 
havingzirconia nano-crystals that are not associated to- 
gether or have weak interaction therebetween. 

[0010] Another objective of the present invention is to provide a 
zirconia sol and a method of preparing the same for ob- 
taining a zirconia sol comprising zirconia crystals having 
an average primary particle size less than 20 nm. 

[0011] Another objective of the present invention is to provide a 
zirconia sol and a method of preparing the same for ob- 
taining a neutral zirconia sol. 

[0012] Another objective of the present invention is to provide a 
zirconia sol and a method of preparing the same for 
preparing the zirconia sol under lower temperature. 

[0013] The present invention provides a zirconia sol comprising 
zirconia crystals having an average primary particles size 
less than 20 nm, wherein more than 90% of thezirconia 
crystals are in the form of tetragonal and cubic crystal lat- 
tice structures, and the zirconia sol has a transmittance 
more than 70% when the amount of the zirconia crystals 
in the zirconia sol is about 20 wt%. 

[0014] The present invention discloses a method of preparing a 



zirconia sol comprising providing a first solution contain- 
ing an inorganic zirconium salt and an organic acid 
therein. The first solution is mixed with a buffer solution 
to obtain a sol, wherein the buffer solution contains an 
organic amine. The sol is then heated, at a lower temper- 
ature than previous methods, to obtain a product, and 
then the product is conditioned to form an acid mud. 
Thereafter, the acid mud is conditioned to form a neutral 
zirconia sol. 

[0015] The zirconia sol of the present invention comprises of zir- 
conia crystals having an average primary particle size less 
than 20 nm, without or with only weak-association, and is 
therefore transparent. The average transmittance of visi- 
ble light can be as high as 70% at a solid content of 20%. 
The zirconia sol of the present invention is further charac- 
terized by a neutral pH value and a lower preparation 

temperature. 
Brief Description of Drawings 

[0016] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention and, to- 
gether with the description, serve to explain the principles 



of the invention. 
[0017] Figure 1 is a flow chart of a method of preparing a zirco- 
nia sol according to an embodiment of the present inven- 
tion. 

Detailed Description 

[0018] Reference will now be made in detail to the present pre- 
ferred embodiments of the invention, examples of which 
are illustrated in the accompanying drawings. Wherever 
possible, the same reference numbers are used in the 
drawings and the description to refer to the same or like 
parts. 

[0019] Figure 1 is a flow chart of a method of preparing a zirco- 
nia sol according to an embodiment of the present inven- 
tion. Referring to Figure 1, in step 100, a first solution 
containing an inorganic zirconium salt and an organic acid 
therein is provided, wherein the amount of the zirconium 
salt in the first solution is about 2~4 mol/L. The zirco- 
nium salt in the first solution is, for example, zirconium 
chloride, zirconium nitride, zirconium hypochloride 
orother suitable inorganic zirconium salt. The organic acid 
and the zirconium ions in the first solution have a molar 
ratio between 0.1~0.25. The organic acid is, for example, 
monoacid such as formic acid, acetic acid, propionic acid, 



acrylic acid, methacrylic acid, benzoic acid, salicylic acid; 
dibasic acid such as tartaric acid;and tribasic acid such as 
citric acid. 

[0020] Thereafter, in step 102, the first solution is mixed with a 
buffer solution containing an organic amine therein to ob- 
tain a sol, wherein the organic amine is, for example, 
trimethylamine, triethylamine, triethanolamine and 
tripropoylamine. The organic amine in the buffer solution 
and the zirconium ions in the first solution have a molar 
ratio between 0.1-0.2. The buffer solution further con- 
tains ammonium carbonate and has a pH value about 10. 
The step of mixing the first solution with the buffer solu- 
tion further includes dosing of an inorganic base into the 
buffer solution for controlling the pH value of the buffer 
solution to maintain the resultant pH value at about 10, 
wherein the variation of the pH value of the buffer solu- 
tion is controlled not exceeding the variation range of 
±0.5, and the temperature variation of the buffer solution 
is controlled not exceeding the variation range of±10°C. 
In the embodiment, the pH value of the buffer solution is 
controlled by controlling the dosing speed of the inor- 
ganic base and the first solution into the buffer solution. 
After the first solution is mixed with the buffer solution to 



obtain the sol, the pH value of the sol is regulated be- 
tween 10~12. 

[° 021 ] In step 104, the sol is heated to obtain a product. The 

heating of the sol is conducted at a temperature of about 
90~120°C for a duration of about 8~24 hours. The prod- 
uct obtained after the heating step is zirconia crystals 
having an average primary particle size less than 20 nm, 
that is, for example, with primary particle size ranging 
between 7~20nm, and the zirconia crystals exist in the 
form of tetragonal and cubic crystal lattice structures. Af- 
ter the sol is heated to obtain the product, the product is 
further washed and filtered to remove chloride ions. 

[0022] | n s tep 106, conditioning the product to form an acid 

mud, and the acid mud has a pH value lower than 3. In the 
embodiment, the product is conditioned to form the acid 
mud is, for example, an organic acid and an organic dis- 
persing agent may be used for conditioning the product, 
wherein the amount of the organic dispersing agent in the 
zirconia sol is about 10%~ 15 wt% based on the solid 
weight. 

[0023] | n s tep 108, the acid mud is conditioned to form a neutral 
zirconia sol, and the neutral zirconia sol has a pH value 
between 5~10. 



[0024] After obtaining the neutral zirconia sol, the neutral zirco- 
nia sol is dried to obtain dry neutral zirconia sol powder. 
The neutral sol can be dried, for example, by using a vac- 
uum concentrating apparatus or an evaporating appara- 
tus. In addition, after obtaining the dry neutral zirconia 
sol powder, the powder can be further dispersed in a sol- 
vent to form a transparent dispersion sol. The solvent can 
be, for example, water, a polar solvent such as ethanol 
and ethylene glycol and a mixed solvent thereof. 

[0025] it j S to be noted that becausethe zirconia sol of the 

present invention comprises zirconia crystals having an 
average primary particle size less than 20 nm, not only 
the transmittance or reflective index of the zirconia sol 
can be improved, but also a neutral zirconia sol can be 
obtained. Moreover, the preparing temperature of the 
present invention is lower than conventional methods. 

[0026] it w i|| be apparent to those skilled in the art that various 
modifications and variations can be made to the structure 
of the present invention without departing from the scope 
or spirit of the invention. In view of the foregoing, it is in- 
tended that the present invention cover modifications and 
variations of this invention provided they fall within the 
scope of the following claims and their equivalents. 



